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Four fundamental forces of Nature



Asymptotic freedom: g decreases with the energy scale increases

g=0 is a UV fixed point.            For example: QCD



The Nobel Prize in Physics 2004

The prize was awarded to Gross, Politzer and Wilczek for 
the discovery of asymptotic freedom in the theory of the 
strong interaction.



Asymptotic safety is an another concept in quantum field theory, 
which means that there is a nontrivial UV fixed point of the 
renormalization group flow of the coupling constants in the theory 
space, and thus physical quantities are safe from divergences.

Although originally proposed by Steven Weinberg in 1976 to find a 
theory of quantum gravity, the idea of a nontrivial fixed point 
providing a possible UV completion can be applied also to other field 
theories.

Weinberg  1976



Fig: Trajectories of the renormalization group flow in theory space 
with arrows pointing from UV to IR scales

The green trajectory does not belong to the theory space of 
asymptotic safety.



Examples of asymptotic safety

1406.2337



The existence of an interesting UV fixed point is the bare bone of 
asymptotic safety.



Gravity in 2+ε dimensions



Gross-Neveu model in 2+ε dimensions and in 3 dimensions



Pelaggi, Sannino, Strumia, Vigiani, 1701.01453

Asymptotically safe bahavior of the SM by neglecting b 
and τ contributions to the 3-loop terms and Yukawa 
couplings of the 1st, 2nd generations



By neglecting top Yukawa coupling, the SM is asymptotically safe:

Mann, Meffe, Sannino, et al. 2017



Evidence of dark matter



WIMP miracle

If dark matter is made of weakly interacting massive particles 
(WIMPs), what we observe is the relic density of these particles 
after the cooling of the universe.

Boltzmann equation in the thermal freeze-out mechanism:
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Thermal relic                      dark matter at weak scale!



A typical WIMP -- minimal dark matter
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• Cosmologically stable due to accidental symmetry

• Only one parameter: M, which is fixed by relic density

• Lightest component is neutral

• Allowed by WIMP DM searches

Introduce an extra electroweak multipliet χ to the SM:

Cirelli, Fornengo, Strumia, 2005



Mass splitting



DM annihilation: perturbative calculation



Non-perturbative Sommerfeld corrections

1702.01141





Direct detection



Detection of WIMP dark matter



China JinPing Underground Laboratory (CJPL)

Experiments: CDEX, PandaX



Exclusion Limits for Spin-independent (SI) Scattering



Exclusion Limits for Spin-dependent (SD) Scattering



CDEX Collaboration, PRL 120, 241301 (2018)

CDEX-10 experiment: 102.8 kg·day data

SI SD

Leading limits for 4-5 GeV WIMP direct detection



Minimal asymptotically safe dark matter

C.Cai, H.H.Zhang, 1905.04227



For fixed α_2 * N_F, one can sum up the leading 1/N_F order self-

energy contributions:



Beta function in the large N_F limit





Running of the gauge coupling alpha_2



Direct detection constraints

Including QCD effects, the upper 

bounds are [Hisano, Ishiwata, Nagata, 

1504.00915]:

• 10^(-47) cm^2 for 3plet

• 10^(-46) cm^2 for 5plet

Electroweak 
contributions

n-plets (n>5) are excluded

the same as MDM



Dark matter relic density



Collider searches for disappearing track of charged particles



Constraints from disappearing track of charged particles



How to estimate the τ=0.2 ns data from CMS





Continuous spectrum of gamma-ray



Summary

Triplet models with 3 <= N_F < 20 flavors are consistent with all 
current experiments


